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ABSTRACT 
Several adhesive systems for the direct bonding of 
orthodontic attachments to teeth are currently being employed 
with varying degrees of success. The purpose of this investig-
ation was to evaluate a new bonding system that appears to 
possess certain advantages over the presently available systems. 
411 plastic and 35 metal brackets were directly 
bonded to conditioned enamel surfaces in 71 different patients 
over a seven month period. The results showed an 88.7% success 
ratio. Tensile and shear strength tests were also conducted on 
bonded attachments immersed in water for 24 hours. Values as 
high as 50.79kgm/Cm2 for shear strength and J6.65kgm/Crn2 for 
tensile strength were observed. 
Bracket placement was performed easily and quickly 
and withstood comprehensive treatment procedures including the 
use of extra-oral force systems • 
• 
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In the ·oourse of oonventional orthodontio treatment 
stainless steel bands are fitted around tne teeth and oement-
ed to serve as a base to whioh braokets are attached. It is 
through these braokets that control of inaividual tooth move-
ment is then exercised. 
Although orthodontic bands and cementing procedures 
have made great strides in recent years and are an adequate 
means of assuring bracket attachments to the tooth surface, they 
still possess several disadvantages. 
They are time consuming to select, fit, adjust, cement 
and inventory. They may cause discomfort to the patient during 
and shortly after cementation due to the necessity to create 
space for the band material interproximally. 
In addition, bands may be detrimental to both the 
gingiva a~d tooth surfaces they enoompass. If placed too close 
to the gingiva, they may act as a mechanical irritant to the 
gingival tissue. Bacterial invasion and subsequent decalcific-
ation may result from cement loss underneath a cemented band 
that is not checked frequently. 
An adhesive suitable for direct bonding of orthodontic 
brackets to enamel surfaces would eliminate these disadvantages 
and provide other advantages such as improved esthetics and a 
simplified debanding routine. 
There are several factors however, that must be 
overcome in establishing good intraoral bonds. Adhesion to 
tooth surface involves an aqueous environment both before and 
• 
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after bonding. Enamel is 
therefore must be removed 
intimate contact. 
a hydrophilic surface and water 
before an adhesive can establish an 
once this bond is established it must also be main-
tained. It must be impervious to hydrolysis if chemical in 
nature or to water absorption if due to physical interlocking. 
The adhesive must be highly resistant to microorganisms and be 
strong enough to withstand the concentrated forces of mastication. 
These intraora.l limitations have presented a true 
challenge to the adhesive chemist. Recent clinical studies 
have centered around the methyl methacrylate systems and plastic 
attachments. Miura et al (1)(2) reported on a system using 
plastic brackets to treat Cl I and Cl II ma l occlusions in seven 
months or less. More recently, several investigators, (J)( 4 )(5) , 
have reported on a system using two adhesives and an ultra-
violet light source to initiate polymerization. Although this 
technique has produced good results over an eighteen month period 
it is both complicated and time consuming. 
The purpose of this paper is to present a direct 
bonding system that is both chemically effective and simple 
enough to be practical • 
• 
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A knowledge of some of the basic relations between 
the surface properties of materials and adhesion is essential 
to an understanding of any orthodontic bonding system. Adhesion 
by definition is the molecular attraction exerted between the 
surface of bodies in contact or the attraction between molecules 
at an interface. (6) Only the latter portion of this definit-
ion is pertinent in bonding for an interface exists in all bond-
ing systems. 
The molecular attraction is either physical such as 
Van der Waal's forces or chemical such as covalent, ionic or 
metallic bonds. Sharpe and Schonhorn (7) believe that materials 
probably adhere initially because of Van der Waal's forces and 
then chemical bonding occurs. Chemical forces are: considerably 
stronger than physical forces. 
There are several factors important in obtaining and 
maintaining these forces. One is the contacting surface. 
Enamel is an irregular porous material and the greater the ad-
hesive adapts to or wets its hills and valleys the greater the 
adhesion. Maximum wetting occurs when the attractive forces 
between the adherent and the adhesive are strong. The stronger 
the attractive forces the smaller the wetting angle or angle that 
the liquid adhesive forms with the adherent when applied to its 
surface. A zero contact angle occurs when the molecules of the 
adhesive are attracted to the adherent as strongly as the 
adherent molecules are attracted to one another. (e) Liquids 
with non zero contact angle may produce a great deal of bridging. 
They trap air and allow little penetration into the surface 
• 
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roughness making stress concentrations more important.(?) 
Viscosity is another factor that influences adhesion. 
The more fluid the adhesive the greater the surface penetration 
pr~or to Polymerization. The less viscous the adhesive the thin-
ner the bonding layer. The thinner the bonding layer, the less 
dimensional changes 1n the material effect its adhesive ability • 
This is important when dealing with acrylics that exhibit 6-10% 
shrinkage during polymerization. ·The joint is also exposed to 
variations in temperature which range from ice cream (J5°F) to 
0 hot tea (148 F) (9) This puts an additional strain on the 
dimensional stability of the bond. 
Surface energy also affects bonding. (~) Solids such 
as a tooth surface have high energy. Liquids will usually 
spread on a smooth clean high energy surface unless a liquid 
with a lower contact angle occupies the surface first. Even a 
monolayer of water is sufficient to convert the tooth surface 
to a low energy surface with poor wet-ability. To create ad-
hesion the adhesive must either dispel the water or react with it. 
In addition to an understanding of the principles of 
adhesion it is necessary to review the nature of the adherent 
surfaces more closely. Enamel is a constant. The enamel surf-
ace may be .altered to promote better adhesion but the develop-
. 
ment ot better bonding materials must always take into account 
the structural and chemical properties of teeth. A brief de-
scription of these properties is presented as a necessary back-
round. 
• 
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Mature eriamel (10) is stable in size and shape with 
95% of its weight consisting of hydroxyapatite with a calcium 
phosphorous rati.o of a little more than 211 by weight. The 
structural unit is known as a rod or prism having a tadpole-
shaped cross-section about 5 microns in diameter. The prisms 
extend from the outside dentinal surface to the exterior of the 
crown in a varied directional pattern. The prisms are separated 
from each other by thin sheets or threads of a keratin-like 
protein which comprises about 0.5% of the total enamel weight. 
Brudevold and Soremark (11) report that roughly 4.0% by weight 
of the enamel consists of loo~ely and firmly bound water. 
Due to its exposed nature and largely inorganic 
composition enamel can be dried relaively well. although a slight 
permeability has been demonstrated by Scott and Nylen. (12) 
This permeability does not appear to be an inital obstacle to 
bonding but may be a factor in decreasing bond strenght over a 
period of time • 
In addition to the permeable nature of the tissue, 
enamel undergoes a variety of organic substitutions that are 
confined mostly to its outermost layers. These result from ex-
posure to a variety of chemical agents coming from solid foods 
and drink as cited by Brundevold et al (13) in 1960. Because of 
these interactions and the ac.quistion of an organic surface 
film from saliva, enamel has a fully reacted, low energy surface 
for bonding according to Zisman (14). 
Buonocore,15) in 1955 realized that the underlying 
enamel surface might be different than the superficial surface 
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and he was the first investigator to alter the tooth surface 
with acids to increase bonding. This in vivo study consisted 
of the application of a) a 50% dilution of phosphomolybdate 
reagent in conjunction with a 10% oxalic acid and b) 85% 
phosphoric acid solution for 30 seconds. 
In a central group all bonded acrylic specimens 
were lost in twelve hours while in the group conditioned with 
the 50% phosphomolybdate solution ·retention was markedly im-
proved. The group conditioned with 85% phosphoric acid however, 
demonstrated the greatest retention of the acrylic specimens. 
due toa 
Buonocore felt that the increased adhesion might be 
A. 
B. 
c. 
D. 
E. 
increased surface area due to etching 
the exposing of the organic framework which 
then serves as a network in and around which 
the adhesive can adhere. 
the removal of old inert enamel surface with 
the exposure of an active surface 
the presence of an absorbed layer of highly 
polar phosphate groups, derived from phosphoric 
acid, allowing polar bonding • 
the increased wettability via acid conditioning 
allowing for a more intimate contact. 
Interest in enamel adhesives and demineralization pre-
treatment was intensified in the late 1960 1 s amd many studies were 
conducted to determine the pretreatment solution of choice, the 
nature of the increased bond streng~h and the safety of etching 
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solutions • 
Gwinnett and Buonocore (16) tested increasing con-
centrations of phosphoric acid ranging from 10% to 50% as well 
as EDTA and increasing concentrations of phosphoric acid with 
3 percent sodium fluoride added. Their screening revealed 
that etching with solutions containing sodium fluoride pro-
duced less change on the enamel than with similar untreated 
solutions • EDTA was found to be an impracticable agent for it 
took 2 hours to produce any noticeable surface change • 
Hydrochloric acid was also evaluated in this report 
and found to produce too extreme an etching . effect for clinical 
application. 
Mulholland and De Shazer (17) noted that the pre-
treatment solutions tested to date had been expressed in con-
centrations which did not permit a correlation between bond 
strength and type of acid, Ph or molarity. They therefore, 
conducted a study to test the effects of varying molarity and 
PH of etching solutions on Addent bonding of orthodontic 
brackets to enamel. Two monovalent acids, hydrochloric and 
hydrofluoric, and two polyvalent acids, aspartic and phosphoric, 
were used at various molarities and PHs ranging from 2-6. 
The findings revealed, a) an increase in bond 
strength with a decrease in PH, b) molarity appeared to have no 
effect on strength, c) the fluoride presence in hydrofluoric 
acid appeared to increase wettability. The monovalent acids 
initially appeared to give the greatest bond strength, however 
upon closer observation it was revealed that the polyvalent acids, 
• 
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at a PH of 4 produced voids in the Addent interface which may 
• 
have reduced the adhesive efficiency • 
Several additional solutions have been evaluated such 
as citric acid by Lee and Swartz (18)1 e5% orthophosphoric 
acid by Swanson and Beck (19) and 65% phosphoric acid by Miura 
et al (2). 
Phosphoric acid in a 50% concentration with 7% by 
weight zinc oxide which in theory 1imits the extent of etching 
appears to be the conditioner of choice • 
The nature of the adhesion produced by conditioning 
agents, as the scanning electron microscope can show, is an 
increased penetration and mechanical interlocking. The work of 
Gwinnett and Matsus (20) in 1967 showed tag-like extensions of 
adhesive at the interface after demineralization of the enamel. 
The projections were attributed to the liquid monomer which had 
penetrated into the boundaries and cores of the prisms. The 
conditioning agent in this study was Zn P04 cement liquid ap-
plied for two minutes. They felt that the increased surface 
area and· mechanical locking were the principle factors in bond 
adhesion. 
Radiosulfur 35 as so4 and basic fuchsin dye were used 
by Buonocore and Matsus (21) to demonstrate the non-penetrance 
of the bond created by acid· pretreatment of enamel. No pene-
tration into the methyl methacrylate resin-enamel interface 
occured even after six months to one year in normal saline. 
Electron microscope scans were performed on the same specimens 
and prism shaped tags up to 25 U in length were observed. 
• 
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The nature of the bond in both these studies may be 
due to chemical as well as mechanical bonding. The nonpenetrance 
of the so4 and dye indicate an intimacy rarely acheived by 
mechanical interlocking alone • And the tags in Gwinnett's (20) 
work revealed organic content after the enamel was demineralized 
suggesting a chemical interaction. 
It is also relevant at this time to mention the work 
of Poole and Johnson (22) who studied the pattern of etching in 
enamel. They examined natural and transverse surfaces under the 
S.E.M. observing that with acid etching, a honeycomb appearance 
presented for perpendicular surfaces and ridges and troughs 
occured on parallel surfaces. This indicated preferential etch-
ing of the axial portion of the enamel prisms by acids. The 
orientation of the crystalites together with compositional 
variations may contribute to the etching pattern. 
The increased reactivity of crystals along their long 
axis was confirmed by Sharpe (23) using ultra soft x-rays to 
determine true mineral content. He also clarified the fact 
that parallel attacks produced a rapid honeycombing effecting 
the prism head and that perpendicular attacks that produced a 
slower ridge and trough configuration effect the lateral aspects 
of the prism. Hoffman and McEwan (24) in 1969 confirmed these 
earlier findings. 
The same authors (25) in collaboration with Rovelstad 
treated enamel with stannous fluoride and then etched with ace-
tate buffer. They also etched first with the acetate buffer and 
then followed with stannous fluoride treatment. These samples 
• 
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showed a resistance to attack after stannous fluoride treatment 
and an apparent remineralization after etching with the applica-
tion of stannous fluoride • 
A simiar study was run with teeth that were pretreated 
with fluoride and a second group that were naturally high in 
fluoride content. Lee and his coworker (26) found that the 
pretreated and high fluoride content teeth did not etch well 
and consequentially did not bond well to a pit and fissure sealant • 
Adhesion was also found to be inferior when fluoride was applied 
after etching. They concluded that it may be necessary to alter 
the etching time depending on the fluoride content of the tooth to 
be treated. 
There was some initial hesitancy to the utilization of 
acid conditioners despite their proven effectiveness for fear of 
unfavorable effects upon the enamel surface. Gwinnett and Buono-
core (16) reported in 1965 that tooth surfaces preconditioned with 
phosphoric acid, hydrochloric acid and zinc phosphate cement 
liquid regained their normal appearance and lustre in two to three 
days. In addition, in vitro experiments they conducted suggested 
that surfaces treated with these conditioners are no more suscept-
ible to acid attacks than a "normal" surface and even if a "white 
spot" formation did occur there was no hist.ological difference seen 
in conditioned enamel compared to a non-conditioned surface. Using 
a 65% phosphoric acid solution applied for thirty minutes, Miura 
and Nakagawa (1) also observed negligible clinical damage. They 
found the enamel to appear normal again in seven to ten days • 
• 
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Newman and Facq (27) more recently have studied the 
effects of conditioners and bonding agents on the enamel sur-
face after removal of the bracketed attachments. Scanning 
electron microscope photomicrographs revealed that removal of 
the adhesive and repumicing of the bonded surface restored 
• the tooth to its original pumiced appearance. These findings 
were corroborated with clinical observations and in vivo 
surface-replica interferograms. The in vivo · studies indic-
ated that saliva apparently deposits a layer upon the tooth 
surface, causing the tooth surface to once again obtain its 
original mat-like appearance under S.E.M. 
Lenz and Muhlemann (28) postulated that the dis-
appearance of the etched pattern was due to abrasion or re-
mineralization. They felt that the enamel was covered with a 
smooth tightly adherent pellicle of salivary origin. 
Adhesive Systelill:I 
The adhesive systems that are utilized to bond to 
an enamel surface, either pretreated or non-treated can be 
broken down into five major groups. 
The first group consists of those conventional 
dental cements which do not require preconditioners to form 
their maximum bond. Polycarboxylate cem~nt, copper and zinc 
phosphate cements fall into this category. Sadler (29) in 1958 
was one of the first to test dental cements in an attempt to bond 
edgewise brackets to extracted human teeth. He concluded that 
none of the then present adhesives were clinically useful • 
Mitchell (JO) nine years later tested five various 
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adhesives including zinc phosphate cement and black copper 
cement. In conjunction with a protective bracket, minor 
orthodontic treat~ent was accomplished without bracket loss 
however the author acknowledged the need for an improved 
adhesive. 
This improved adhesive was at first thought to be 
the zinc polycarboxylate cement which was investigated by 
Mizrahi and Smith. Initially they (31) tested its adhesive 
capacity in vitro where it proved superior to the available 
phosphate cements. Then they (J2) used the zinc poly-
carboxylate cement in vivo to bond metal brackets. The teeth 
were prepared with a 10% solution of the cement liquid and the 
attachment backings were roughened. This experiment demon-
stated maintainence of brackets for four months • 
Recently, Rensch (JJ) compared the bond strength of 
a zinc polycarboxylate cement and an acrylic adhesive. The 
polycarboxylate mean bond strength was .measured to be 71.2 per 
cent as strong as the mean bond strength of Sevriton bonds. 
There was no significant difference between initial bond 
strengths and bond strengths on extracted teeth stored in a 
simulated . oral atmosphere. 
Although this new adhesive cement was superior to the 
zinc phosphate cements it tended to be rather erratic and its 
bonding capabilities were insufficient to hold orthodontic 
attachments for any length of time. (J4) 
Another area of investigation has been the epoxy ad-
hesives. Rose (J5) and his associates screened and tested three 
• 
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different adhesives for tensile strength after water immersion. 
They abandoned their work due to the difficulty in initiating 
polymerization and the possible carcinogenic character of the 
material. They felt that water absorption destroys the ad-
hesive value. Other workers(36) at this time demonstrated that 
a strong bond between the tooth surface and the adhesive was 
possible only if a dry environment was mai-ntained. 
In 1956 Buonocore (37) reported on a resin compo-
sition that was capable of bonding dentin surfaces. The bonds 
demonstrated a fair resistance to water immersion and the 
adhesion was nearly doubled by etching the dentin surface with 
phosphoric acid. The initial value for acid treated surfaces 
was 53 kg./Cm2 and this dropped to 28kg./cm2 after five months 
of water immersion. 
An epoxy resin as a high molecular weight solid and 
low moecular weight li~id with a polyamide curing agent was 
tested by Newman (38) for mechanical strength and irritation 
potential. It proved to be biologically compatible producing 
no skin or mucosal irritation in rabbits and mechanically 
stable for bonding orthodontic brackets. The mean joint 
strength was 621.4 P.S.I. for polycarbonate attachments with 
a phosphoric acid pretreatment. Kapsina~is (39) agreed with 
the non toxic nature of the cured epoxies when he observed them 
in tissue cultures. 
Another mod if led resin, having a thixotropllc ,. agent 
added to reduce flow, was preheated prior to application and 
used to cement orthodontic brackets with 7~% success. Moisture, 
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especially withiri the first five minutes and the prolonged 
setting time proved the downf~ll of Retief's (40) reported 
resin. 
The current, commercially available adhesives are 
acrylics, primarily methyl methacrylates. 
In 1965 (41) the tensile bonding strength of a 
methyl methacrylate with a 0.5% N N-dimethyl-p-toluidine 
reducing agent and 0.75% benzoyl peroxide, was tested and 
2 
found to have a strength in the range of 140kg/Cm in a dry 
atmosphere. Newman and his associates (42) followed this with 
an evaluation of several homopolymers of methyl methacrylate 
and copolymers of methyl methacrylate reporting the following 
findings a 
A. a low molecular weight polymer produces less 
shrinkage during setting but an increased molecular weight 
improves the bond strength. 
B. the addition of fillers also increases bond 
strength 
c • water immersion at 37°c substantially reduces 
joint strength with time. 
.D. the optimum molecular weight of the polymer 
component is 20,000 • 
After some initi~l investigation of the cyanoacrylates, 
Buonocore (4J) presented a new material as a pit and fissure 
sealant which sebsequently proved to have merit as an adhesive 
for bonding orthodontic attachments. This new material was a 
relatively stable liquid containing as the major ingredients 
• 
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three parts by weight of the reaction products of bisphenol A 
and glycidyl methacrylate and one part by weight of methyl 
methacrylate monomer. Just before use a 2% solution of benzo1n 
methyl ether is dissolved to form an ultraviolet light sensitive 
composition • 
An ultraviolet light is then applied for 20-30 seconds 
one to two millimeters above the tooth surface to cause harden-
ing. This study and a follow-up study (44) two years later 
demonstrated the effectiveness of the adhesive as a pit and 
fissure sealant. 
This same adhesive is the base for a bracketing 
system first reported on by Dean and Sciaretta (3) and now 
commercially marketed. In their system -the .; see.aant is first 
applied to the tooth surface and then orthodontic attachments 
are cemented to the resin with another cementing medium. Their 
clinical results showed a 92.2% success rate over a seven month 
period employing a variety of conventional mechanics. Addition-
al studies that simplified the techniques of application have 
given similar clinical results. (4)(5) 
Yet another methylmethacrylate system reported on 
by Miura and his associates (2) consists of a methyl methacry-
late mo~omer and a polymethyl methacrylate polymer. The catalyst 
is a tri-n-butyl borane derivative. SLlfne i s used as a second 
preconditioning agent to increase wettability. No treatment 
time longer than 7 months has been reported using brackets 
applied with this system. 
Concomitant with the . investigation of the epoxies and 
• 
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methyl methacrylates the cyanoacrylates were also receiving 
attention. It was Swanson and Beck (19) in ·1960 that first 
reported on dental bonding with Eastman 910, an alkyl 
cyanoacrylate. It demonstrated a six fold .i:lrrorease in tensile 
strength after a one week emersion in water and they concluded 
that it was not a suitable adhesive under aqueous conditions 
without the addition of fillers and waterproofing agents. 
However, the cyanoacrylates have been used widely 
in surgery as soft tissue adhesives for the nonsuture closure 
of wounds and as hemostatic agents. (45) Their low toxicity 
and their favorable chemical na~ure whereby they are polymerized 
readily by hydroxyl or amino groups such as those that are 
present in abundance in protein or water promoted further 
consideration. 
Buonocore and his coworkers (47) tested a methyl-2-
cyanoacrylate with a special filler as a possible pit and 
fissure sealant. All teeth were pretreated with 50% phos-
phoric acid solution containing 7% ZnO for one minute. At the 
end of one year 71.2% of the coated surfaces remained covered • 
Examination of longitudinal ground sections by 
electron microscopy (20)(21) were performed on two adhesives 
consisting of a) methyl-2-cyanoacrylate monomer with silic 
acid, silica gel and methylmethacr~late polymer and b)the ethyl 
homologues. Tag-like projections or filaments were present 
extending into the enamel 10-15 microns. Organic remnants 
appeared to be incorporated into the tags. Gwinnett (48) 
again in 1971 reexamined the adhesive interface under electron 
• 
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microscopy, this 'time adding .the isobutyl-2-cyanoacrylates to 
his study. The results were similar with the resin appearing 
to replicate the etched enamel surface with the length of the 
tags representing the in depth effect of the etchant. 
The cyanoacr.ylates have also been considered as a 
possible cementing agent or adhesive cavity liner. Khowassah 
(49) tested trifluorisoprpyl-2-cyanoacrylate, isobutyl- 2-
cyanoacrylate and N-hexyl-2-cyanoacrylate. Water was used as 
catalyst. Small acrylic inlays were cemented into prepared 
cavities with the adhesive materials and the tensile and 
shearing strengths of the bond measured in a dry atmosphere 
the 
and after water immersion for 24 hours. Isobutyl-2-cyanoacryl-
ate appeared to form the strongest bond with a mean tensile 
strength of 409 PSI dry and JJO PSI after 24 hours in water. 
The percentage decrease in strength was 19.% . Similar values 
occured for shearing strength. The higher the homologue the 
less loss of bond strength occured with water immersion. 
Enamel and dentin bonding with methyl, ethyl, ethyl 
with a thickening agent and isobutyl cyanoacrylates was tested 
by Beech (50) in 1972. In this case flat dentin enamel surfaces 
that were used as the testing medium. 
were measured. 
Tensile and sheer strengths 
Ethyl-2-cyanoacrylate demonstrated the greatest bond-
ing ability to dentin. Forces up to 4000 lbs./in2 (BSI) some-
times were required to break the bond with this material after 
it had been immersed in -water for 24 hours. This is close to 
the tensile strength of dentin and indicates, according to the 
• 
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author, that covalent bonds link the dentin to the polymerized 
cyanoacrylates. 
Isobutyl-2-cyaniacrylate showed the greatest bond 
strength to pretreated enamel, approximately 500-600 PSI after 
seven days of water immersion • Only bonds with methyl-2-cy-
anoacrylate showed substantial deterioration after water immersion 
for one week. 
• 
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This is a three part study consisting of a clinical 
testing of the adhesive1 an electron scanning of the bonds 
obtained and the tensile and shearing tests for bond strength. 
Clinical Evaluation 
In this study 411 plastic brackets and )5 metal 
brackets were direct bonded to conditioned enamel surfaces in 
71 different patients. 
Both maxillary and mandibular arches were bracketed; 
of the total number of brackets placed, JJ were on bicuspids, 
145 on cuspids and 268 on incisors. Molars were conventionally 
banded in all patients. 
The Adhesive 
The adhesive is a cyanoacrylate ester originally 
developed as a pit and fissure sealant for the prophylactic 
treatment of childrens' teeth. It is supplied by the Johnson 
and Johnson Co.1 polymer research department as dental research 
formula #25. 
The monomer is a clear, thin syrupy liquid that consists 
primarily of a monomeric isobutyl cyanoacrylate. Thickening 
agents have been added to increase the viscosity. A small 
catalyst glass bead coated with a weak base is added to the 
monomer, just prior to use, to initiate polymerization. 
This cyanoacrylate is extremely reactive and should 
not come into contact with alkaline materials. Water is suf-
(iciently basic to cause polymerization. It must be kept in a 
tightly closed container when not in use and refrigeration is 
recommended for long term storage. Refrigeration however pro-
• 
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motes crystalization of a component of the monomer which 
should be redissolved before use by warming to about 100°F 
with occasional swirling. 
The Pretreatment Solution 
The tooth cleansing solution was phophoric acid in 
a 50% concentration also supplied by Johnson and Johnson Co., 
polymer research department. 
The Brackets 
* Polycarbonate plastic brackets were primarily used in 
this investigation. The tooth surface-base of these brackets 
was roughened with a green stone on a dental handpiece to 
provide addttional retention. Metal brackets with a mesh back-
ing* were also utilized on a limited number of teeth. All 
brackets were edgewise with both .018 and .022 slots. 
The Bonding Procedures 
The teeth were prepared to receive brackets in the 
following manner; 
1.) A thorough prophylaxis with fluoride-free 
pumice was performed to remove all traces of plaque and oral 
debris. 
2.) The patient was then instructed to rinse well 
and the teeth to be bonded were isolated and dried thoroughly 
with an air syringe for at least thirty seconds. 
3.) The tooth cleaning solution was applied to 
The all tooth surfaces to be bracketed using a cotton swab. 
solution remained in contact with each tooth for sixty seconds. 
*G.A.c. International Inc • 
• 
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4.) The patient was again instructed to rinse 
thoroughly. 
5.) The conditioned teeth were again dried well 
with an air syringe for at least 30 seconds. The teeth at 
this point should appear chalky white. If any teeth did not, 
they were retreated with the cleansing solution and redried. 
The mixing and application procedure then followed1 
1.) Five drops of formula 25 monomer were placed 
in an aluminum dish 
2.) One catalyst bead was then added to the 
monomer and stirred continuously in the pool of monomer for 
15 to 40 seconds. The time required for polymerization is 
dependent upon the amount of catalyst introduced from the 
catalyst bead. The longer the contact time of the bead, the 
shorter the polymerization time or working time. 
3.) Immediately displacing the bead away from the 
monomer the material was applied by holding each bracket with 
cotton pliers and dipping the backing in the monomer. It was 
necessary to exercise care to prevent the adhesive from 
flowing into the bracket slot or under the tie wings. 
4.) The brackets were then applied to the pre-
pared teeth. Polymerization to a hard mass occured within two 
minutes from the mixing of the glass bead. One to six brackets 
were applied with a single mix depending upon the length of 
catalyst mixing and the time required to properly position 
each bracket. 
5.) A second mix of adhesive was then applied to 
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the remainder of ·the labial surface to prevent any potential 
decalcification. 
Bracket Removal 
Brackets cguld readily be removed by placing a 
ligature cutters! blades under the flange of the brackets 
and squeezing. The remaining adhesive was then removed with 
a sharp scaler. 
Electron Microscopy 
Plastic brackets were placed on five extracted 
teeth with formula # 25 in order to study the bracket-adhesive-
enamel interfaces. After the teeth were bonded the coronal-
facial aspect of the teeth was sectioned off. This section 
was then sectioned again longitudinally through the center 
of the bracket taking care to cle~~enot cut through the inter-
faces. This gave ten cross sections of the enamel-adhesive-
bracket interfaces. 
The best three sections were selected and mounted 
on a S.E.M. specimen table. Two sections had the interfaces 
polished and one section was unpolished. The specimens were 
then electrolycally coated with gold for direct examination. 
The specimen was then placed in the chamber of the S. E .M.* 
instrument and the desired areas were then viewed on a cath-
ode ray tube and subsequently photographed on a positive 
negative film • 
Tensile and Shear Strength Analysis 
Twenty four bovine maxillary incisors were extracted, 
cleaned and the roots were embedded in plaster cylinders J/4 of 
• 
*Cambridge Steroscan Mark II electron microscope, Cambridge 
Scientific Instruments, Cambridge, England 
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an inch in diameter and approximately one inch in length. 
The teeth were then divided into three groups for bonding • 
The first group was bonded with formula #25, the conventional 
adhesive formula used in the clinical study. The second and 
third groups were bonded with modified adhesive formulas; 
Johnson and Johnson formula 130 and Johnson and Johnson 
formula 131. In addition, each of the three groups was 
further subdivided so that one half of each group received 
plastic attachments and the other half received metal attach-
ments. All samples were immersed in water for 24 hours prior 
to testing. 
The testing apparatus was uncomplicated1 consisting 
of a hollow cylinder to receive and hold the specimens and a 
50 pound test line that lead from a .018 wire yoke, that was 
ligated into the bracket slot, to a container into which weight 
was added to increase the load. The cylinder that received the 
specimens was mounted so that the specimens might be positioned 
at any angle. For the tensile tests the specimen was positioned 
so that there was a straight pull on the bracket off the labial 
surface. For the shear tests the pull was directed parallel to 
the tooth surface and incisally. In both tests the load was . in-
creased in 50 Gm increments until the bracket fractured from 
the adhesive or within itselfo Tensile strength tests were 
run on two plastic and two metal brackets in each of the sub-
groups. Shear tests were also run on two plastic and two 
metal brackets in each subgroup. 
• 
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The cltnical results indicate that out of 446 
brackets that were direct bonded over a seven month period, 
51 were lost. This represents a 88.7 percent success rate. 
Not including the bicuspids bracketed, the success rate in-
creases to 90.3 percent. Table 1 shows the distribution 
of these bracket losses according to the teeth involved. 
The losses were distributed over the seven month period 
and exhibit no consistant pattern as to time. A limited number 
of metal brackets (35) were applied and only one was lost. 
All forms of conventional orthodontic forces were applied to 
the brackets during the test period. 
Scanning electron microscope observations revealed 
the enamel-sealant interface to be smooth and continuous. No 
tag-like structures were observable in this study but the ad-
hesive material was intimately in contact with the slightly 
irregular enamel surface. There was an area of greater 
density just adjacent to the enamel. (Figures 9 ,10,11) 
The adhesive-bracket interface was smooth and 
straight with no penetration of one material into the other. 
The adhesive was non-porous, dense and consisted of 
a very thin layer between the two adherents. In a fractured 
specimen the adhesive was shown still adhering to the enamel 
surface despite bracket loss. 
Of the three bonding adhesive formulas investigated, 
formula 130 appeared to give the best results with plastic 
attachments having a mean shear strength of 44.!0 kg./cm2 and 
a mean tensile strength of 35.95 kg./cm2. Formula 25 however 
• 
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appeared to give ·the best bonding strength when metal attach-
ments were used having a mean shear strength of 50.JOkgm/Cm2 and 
2 
a mean tensile strength of 29.49 kgm/Cm • 
In comparing adhesives, formula 25 also gave the best 
overall results with a good shear strength shown with both 
plastic and metal attachments. Its tensile strength value was 
approximately equal to the other systems when metal brackets were 
, used however a noted inferiority existed to formula 130 when 
plastic attachments were tested. Formula 131 was noticeably 
inferior with plastic attachment bonding but approximately 
equal to the other systems in bonding metal brackets. In fact 
there appeared to be a greater equality in bonding strength 
among the three formulas when metal brackets were applied • 
Tables 2 and J give a complete comparison of the three systems • 
In all cases the bond failure was found to be at the bracket-
adhesive interface. The surface area of the bracket base with 
both metal and plastic attachments was calculated to be sixteen 
square milimeters • 
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With the marked improvement in adhesives in recent 
years, direct bonding has become a valid alternative to band 
placement and cementation. It now appears to hold many advant-
ages over co,nventional banding procedures. 
Tooth and tissue integrity may be improved during the 
course of orthodontic treatment with direct attachments. 
Less enamel decalcification may possibly result from 
the absence of bands. Bands may become loose without being 
displaced allowing the accumulation of oral bacteria and debtis 
under the bands with subsequent decalcification. If bonded 
brackets loosen, it is readily appa~ent. In addition, the direct 
bonded bracket covers less area on the tooth usually being located 
only on the labial surface. 
The use of a system that employs an enamel sealant will 
provide further protection against decalcification especially 
on the gingival margin of the labial surface where a bonded tooth 
is particularly susceptible. 
Tae gingival tissue may also benefit from the lack of 
bands. There is no gingival impingement from subgingival band 
placement, no alteration of the tooth's contour on three sides 
including the critical interproximal areas and less hardware to 
interfere with proper oral hygiene. 
Direct bonding may also save treatment time by elimin-
ating the need for separation prior to banding and the need for 
space closure after band removal. The interproximal width of 
each anterior band is .003 inches per side and each posterior 
band .006 inches per side. This amounts to 3-4 mm of space for 
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band material per arch. The elimination of this space require-
ment may significantly affect the diagnosis of a borderline 
extraction case. 
The lack of band material also allows access to inter-
proximal surfaces for caries detection radiographs, rest0rative 
procedures and reproximation as indicated. 
The disadvantages to present direct bonding systems 
may be significantly reduced with the utilization of metal 
brackets. Polycarbonate bracket fractures are the largest draw-
back with most systems. The lack of third order movements 
via torqued arch wires would also be overcome with metal attach-
ments. Vertically slotted brackets of metal are practical and 
this would allow a greater range of auxillary attachments. 
The nature of the bond in the system examined here 
involves two interfaces. The first is the interface between the 
enamel surface and the adhesive. The scanning electron micro-
scopic examination of the enamel-adhesive interface revealed no 
tag-like projections into the enamel as reported in earlier 
studies when an acid pretreatment was applied. (20)(21) It is 
felt, however, that the absence of these tags is due to the cant 
at which the specimens were observed and the limited number of 
observations made. Additional surveys of the bond interface are 
being undertaken at this time to determine the presence or ab-
sence of tag-like extensions. 
With the high poiar character of the cyanoacrylates 
it is felt that the bond obtained is more than mechanical in 
nature. (51)(52) Adhesion due to covalent bonding with the 
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proteinous substrate present in enamel prisms has been sus-
pected for sometime. (20) (21) The bonds tenacity may possibly 
be due to a combination of mechanical interlocking and covalent 
bonding. 
The second interface between the adhesive and the plastic 
bracket was observed to have no penetration of one surface into 
the other. It appears that the brackets are retained strictly 
through a mechanical interlocking of the adhesive over the flange 
of the brackets. The metal brackets demonstrated greater resist-
ance to displacement and this was apparently due to the greater 
interlocking of the adhesive around the mesh backings. 
This lack of bonding to the attachments is felt to be 
the major disadvantage exhibited by the cyanoacrylate system. 
Bond failures, as demonstrated in the tensile and shear tests 
and in clinical observations are consistently at the bracket-
adhesive interface. Twenty-four out of twenty-four specimens 
tested for tensile and shear strength demonstrated a clean bond 
failure at the bracket-adhesive junction. The cyanoacrylates, 
moreover, do not have a good history of bonding to poly-
carbonates in industrial application. (53) The polycarbonate 
bracket was developed for use with a methyl methacrylate system 
where a good chemical union may be obtained. 
De~pite this lack of union between adhesive and bracket, 
the bonds have been found to be very strong. (Tables 1,2&)) The 
many desirable features of the cyanoacrylates such as their 
limited volumetric change with polymerization, their low viscosity 
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and good penetrance, their low toxicity and their tenaceous 
bond to enamel make the ne~t logical step the development of a 
compatible bracket. (53)(52) 
Of the three prototype adhesives tested in the tensile 
and shear strength analysis, Formulas 25 and 130 appeared to 
give the best results. The metal attachments gave consistently 
higher shear and tensile strength values with Formulas 25 and 
131, however, Formula 130 gave higher values with the plastic 
attachments. It is difficult to determine with the limited 
samples evaluated whether this difference is due to the inherent 
nature of the adhesive or merely greater adhesive bracket 
overlapping on the 130 sample. 
It appears at this time that Formula 25 is the 
adhesive of choice with the apparently more resistant metal 
brackets and Formula 130 is more advantageous for plastic 
attachment bonding. 
The clinical section of this investigation, it is 
felt, invites favorable comparison with present commercially 
available bonding systems as well as conventional banding. 
Although this was a pilot study and the technique of 
application was developed as the investigation progressed, the 
88.7% success rate indicates a good prognosis for further work 
with cyanoacyrlate adhesives. It should -also be pointed out that 
36 of the 71 treated patients were bonded by the primary invest-
igators and 35 of the 71 bonded patients received their brackets 
from twelve different additional operators. Many of these bracket 
applications therefore represent an operators first attempt with 
• 
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a new product. The increased failure rate with this inexperi-
enced group of operators reflects their unfamiliarity with the 
techniques. The two primary investigators had a 9.5 percent 
failure with 262 bracket placements, while the additional 12 
operators had a 14.1 percent failure rate with 184 bracket 
placements. If bicuspid teeth were excluded from the results 
the failure rates drop to 7.9 percent and 12.1 percent respct-
ively. 
Even though all bracket failure occured at the 
bracket-adhesive interface and the development of a compatible 
bracket fot the adhesive is indicated1 tests with a limited 
number of metal attachments produced good results. Of 35 metal 
brackets placed over the seven month period only one attachment 
was lost • This may be due to the increased mechanical inter-
locking with a mesh backing or an increased bond strength with 
metal.(53) 
Of the currently avaliable bonding systems, Bracket 
Bond* and Orthomite* have been reported on most frequently. The 
Bracket Bond system to date has been reported to be 90-95% 
successful.(5) However it is a more complicated, time consuming 
system that requires special armamentarium. The Orthomite 
system also has reported successes in the 90-95% range.(1)(2) 
However, the adhesive has a shelf life of only fifteen minutes 
after activation and the teeth must be isolated for fifteen 
minutes following bracket placement. All of these disadvantages 
are eliminated with a cyanoacrylate system. 
* GAC Inc *Rocky Mountain Dental Products 
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Gottlieb (54) reported on the incidence of loose 
bands and the number of bands requiring recementation with a 
conventional banding technique • Out of 345 cemented bands 
23 became loose and 49 required recementation for a number of 
reasons. The average band was on for 16.7 months. Six point 
six percent of all bands then became loose and 1J.4 % required 
recementation due to looseness, cement loss or bent brackets • 
If these figures can be considered representative of convent-
ional banding procedures, direct bonding systems currently 
available may be very favorably compared to banding. 
• 
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Yh I 
A cyanoacrylate adhesive system for direct bonding 
of orthodontic attachments to teeth was evaluated. 
1.) The adhesive system consisted of an isobutyl 
cyanoacrylate monomer with modifiers that formed a strong 
bond to the enamel surface. The bond to the bracket was 
thought to be mechanical in nature. 
2.) 411 plastic and 35 metal brackets were directly 
bonded to the teeth of 71 different patients over a seven 
month period. To date, an titi.7 percent success ratio has 
been observed. 
J.) Tensile and shear strength tests were 
conducted on bonded attachments immersed in water for 24 hours 
and then tested dry. Values as high as §CY. 79 kgm/cm2 for 
. 2 
shear strength and ';ii .615 kgm/cm for tensile strength were 
achieved. 
4.) Bracket placement was less complicated and 
less time consuming than currently available systems. 
5.) Several forms of conventional edgewise force 
systems were used including headgears. 
6.) Although the longest use of this system is 
only seven months, favorable long term results are anticipated. 
7.) This bonding system, it is felt will be equal to 
or superior to other adhesive systems with the development of a 
compatible bracket. Its superiority rests in its extremely strong 
enamel bond and its simplicity and ease of application • 
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TABLE I 
INCIDENCE OF BRACKET L«JSS 
Brackets 
f laced 
173 
86 
11 
95 
59 
22 
446 
I · 
,, 
.drackets 
Lost 
16 
8 
5 
12 
4 
6 
51 
-52-
. 
Percent of 
Brackets Lost 
9. 2.% 
9.0% 
45.4.% 
12.6% 
6.6% 
47 .4.% 
11 • 3.% 
TABLE II 
TENSILE STRENGTH RESULTS 
0 'T ... •} .. -r Plastic Brackets Metal Brackets 
_,.,. , () 
Formula 25 28.4 kgm/Cm 2 29.4 kgm/Cm 2 
28.4 kgm/Cm 2 29.4 kgm/Cm2 
Formula 130 35.3 kgm/Cm 2 29.7 kgm/Cm 2 
( 
1: 36.6 kgm/Cm2 33.1 2 kgm/Cm 
Formula 131 
II 2 kgm/cm2 18.6 kgm/Cm 28.4 
\ 21.1 kgm/Cm2 29.4 kgm/Cm2 
• i ,. . 
• 
r 
• I 
.. .. __ _ 
• r . 
:.J CJ 
• 
, ____ . ---
___ _t ____ _ 
• 
.. 
-53-
r 
,... 
r ) 
• 
• s 
--·----- ---
,"' ,,.., '} 
• 
. • f 
L__ 
J.li ,r 
··-- _,,. . 
. 8 
• 
----·-- ·----
• • 
' • 
• 
-----
• r I 
,· __J '· . 
---
Formula 25 
Formula 130 
' 
.1. 
Formula 131 
• 
TABLE III 
SHEAR STRENGTH TESTS 
Plastic Brackets Metal Brackets 
. 48.3 kgm/Cm 2 49.8 kgm/Cm 2 
48.3 2 kgm/Cm2 kgm/Cm 50.8 
42.6 kgm/Cm 2 38.8 kgm/Cm 2 
45.6 kgm/Cm 2 38.8 kgm/Cm 2 
31. 3 kgm/Cm 2 48.4 kgm/Cm 2 
26.8 kgm/Cm 2 41.0 kgm/Cm 2 
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Figure 1 --
Figure 2 --
Figure 3 --
• 
Teeth isolated and air dried after pumice 
cleaning 
Application of acid conditioner 
Chalky-white appearance of conditioned 
teeth 
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Figure 4 --
Figure 5 --
• 
Placement of plastic bracket after application 
of adhesive to the base of the bracket 
Second application of adhesive for protection 
against decalc1ficat1on and to secure bond 
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Figure 6 --
Figure 7 --
• 
Placements completed - note metal bracket 
on lower right cuspid 
Teeth are now ready for immediate placement 
of archwires 
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Figure 8 (2280X) --
Figure 9 (1220X) --
• 
Scanning Electron Microscope of 
enamel (E) etched with 50% phosphoric 
acid for sixty seconds. Note irreg-
ular surfaces, approximately 10 microns 
in depth, which permit mechanical 
retention 
Enamel-adhesive-bracket interfaces. 
Note the absence of •tags" at enamel-
adhesive interface. Letter (e) indi-
cates enamel; (a) the adhesive, (b) 
the bracket, and (c) a charged area 
observed in scanning where gold 
plating is absent 
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Figure 10. (1220X) --
• 
Mechanical separation between enamel 
(e) and adhesive (a) during bracket 
(b) removal 
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